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Abstract
Poland's market reforms implemented in 1990 should possibly result in increasing price linkages
between Polish and internationally traded agricultural commodities like wheat. Using regression
and cointegration analysis Polish monthly wheat prices were found to be generally unrelated to
selected world prices over the period of 1990/91 through 1996/97 mainly because of Polish
government's intervention.
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1. Introduction
The free market economy reforms undertaken in Poland at beginning of the 90’s generated a
complex process of economic adjustments. Prices determined by market forces rather than central
planning began to fluctuate over time in many sectors of the economy. Agricultural sectors were
among the first ones exposed to free market mechanism rules and the price volatility of
agricultural commodities has become a major source of risk for both farmers and agribusiness
firms. Due to the relatively short history of market reforms and relative lack of expertise in the
area of price analysis very little has been done in Poland to study agricultural price behavior
especially in the context of efficient price determination viewed from the perspective of
international markets. The Polish economy, and agriculture, is still in transition but this process
has been taking place long enough to ask the question to what extent world agricultural markets
had an impact on the prices of agricultural commodities in Poland. This can be expected
especially in the recent years, 1994-97, when after a 4 year period (1989-93) of recession the GDP
has grown at an average rate of 6,2% and the volume of agricultural foreign trade increased in
Poland almost by 50%.
The purpose of this paper is to examine whether the broader openness of the Polish economy to
the international economy and trade linkages have led to a greater price convergence between
Polish and Western grain prices. The commodity selected for this analysis is wheat as it is the
most widely traded grain in Poland. As shown in table 1, the total size of the wheat market which
is one of the most important agricultural markets in Poland accounts for 9-11 million MT. Poland
is also a net importer of wheat with a highly volatile quantity imported which ranges from year to
year from several hundred to over 2 million MT. This implies the possible existence of a certain
kind of wheat price linkages between the Polish market and some international markets.3
2. Wheat Price Series Selection and methods of analysis
Despite the beginnings of a free market system, finding a representative price series in Poland to
compare against world prices is somewhat problematic. While several grain exchanges exist
where physical cash is traded, the volume of trade is erratic and quoted prices might not be
representative of the overall market. In addition, most of these exchanges were created in the last
few years, thereby limiting the time frame available for analysis.
The Polish price series chosen for the analysis was the average monthly wheat prices for Poland
as reported by the Main Statistical Office (GUS). It represents prices paid to farmers by
commercial enterprises. These prices expressed in US dollar terms were compared with selected
international cash and futures prices. Two cash price series i.e. French export wheat (Rouen) and
US export wheat (Gulf of Mexico) were chosen as the most relevant from the location point of
view and type of wheat traded. Additionally, in order to determine whether the price information
provided by international futures contract exchanges has any impact on Polish wheat price
behavior, prices quoted for wheat nearby contracts traded at the CBOT and LIFFE (London
International Financial Futures Exchange)
1 were also considered.
The use of futures prices for comparison with Polish cash prices may be somewhat controversial
as on one hand expecting an influence of these markets on Polish cash wheat prices seems to be
not too reasonable. On the other hand even if these prices are not considered by most Polish firms
there are among the Polish grain market participants international firms like Central Soya and
Cargill for example, which are likely to bring a new set of information including international
futures prices to the market. Because of the high liquidity at the CBOT and the delivery
possibilities of other classes of wheat, the CBOT contract is considered more reflective of global
                                                
1 In September 1996 merged with the London Commodity Exchange (LCE) which was trading the wheat futures
contract.4
conditions. In addition, the class of wheat traded at the CBOT most closely resembles the type of
wheat grown in Poland. Outside the US, the most liquid wheat futures contract is the LIFFE
wheat futures.
The analysis was carried over a period of 7 crop years (i.e. from 1990/91 to 1996/97). This period
represents the time during which Poland experienced a liberalized economic structure. Price
calculations were performed in US dollars for 84 points apart from French wheat and LIFFE
2
futures where number of available observations were 76 and 70 respectively. Regression analysis
and testing for cointegration were used to study the relationship between Polish and selected
world prices.
3.   Results of the price relationships analysis
3.1. Wheat price variation over time and correlation of prices
The primary objective of examining variation over time was to gain insight into the degree of
Polish price volatility. There is a great deal of variation observed over time in Polish wheat prices
(table 2, graph 1). Prices tend to be very volatile especially in years of relative shortages when the
supply of wheat is considerably lower compared to average years. When compared with the
examined world prices Polish wheat prices exhibited even stronger variation in certain years.
Table 3 presents correlation of Polish wheat prices against the selected world prices calculated for
three time periods: 1990/91 through 1993/94, 1994/95 through 1996/97, and 1990/91 through
1996/97. In general, as it can be seen in the table correlation among price series examined was
rather poor. In fact, in the first period 3 out of 4 correlation coefficients have negative signs. In
the second period there is a considerable improvement of correlation particularly regarding the
                                                                                                                                                             
2 Calculations for LIFFE refer to the period of August 1991 through July 19975
French, US and CBOT prices. The same is also true for the third time period. This suggests that
some price convergence has been occurring in recent marketing years. Graph 1 shows in a visual
fashion what the correlation statistics implied.
Another useful way of looking at price relationships, especially when futures prices are
considered is to calculate a price basis. In our case the basis was calculated as a difference
between Polish cash wheat price and CBOT and LIFFE futures prices used respectively as a base.
A graphical display of these relationships is shown in Graph 2. It can be seen that the magnitude
of the basis appears to be declining during recent years.
3.2.   Price transmission elasticities
Transmission elasticities were estimated to measure the percentage change in the Polish domestic
price associated with a percentage change in the world prices (2). The results are shown in
table  4. For the period of 1990/91-93/94 the estimates were positive but not statistically
significant. In the period of 1994/95-96/97 elasticities estimates were also positive and became
highly significant for both the US cash wheat price and CBOT futures. This might be an evidence
of Polish prices changing in this period more in line with in the world markets. Elasticities for the
overall period 1990/91-96/97 are lower than in the second time period, however, they are
statistically highly significant apart from LIFFE.
3.3. Analysis of cointegration between Polish and selected world prices
Cointegration is considered to be a particularly attractive method for analysis of prices if markets
are spatially linked (1). In general, there are four major steps in applying unit root and
cointegration techniques. First, unit root tests are applied to determine if the variables in6
regression are stationary or nonstationary. Second, cointegrating regressions are estimated if the
variables satisfy certain conditions. These cointegration regressions are the long run or
equilibrium relationships between these variables. Third, the short run or the dynamic
disequilibrium relationships are estimated utilizing the estimates of the long-run parameters
within the error correction framework. Finally, the robustness of the estimated dynamic
disequilibrium relationships is determined subjecting them to the standard diagnostic tests (5).
In this paper only the results of two first steps are presented, as the testing for cointegration
between the analyzed variables did not provide sufficient evidence of them being cointegrated.
Tables 5 and 6 contain the augmented Dickey-Fuller (ADF) test statistics calculated for series
levels and first differences as well as residuals from pairwise cointegrating regressions. There are
two types of specification included in table 5 (i.e. with trend and without trend) to which the ADF
test was applied. In addition to the residuals table 6 also includes ADF tests on the
contemporaneous price difference between each world market price and Polish price over the
same period (this is labeled as basis).
The analyzed price series are nonstationary in levels but first differences show no evidence of
non-stationary behavior. Results for time trend and no-time-trend specifications are consistent.
The ADF statistics (shown in table 6) for wheat price pairs tested are in absolute values below the
90% critical level thus the hypothesis of cointegration is rejected. The basis results do also not
offer support for the cointergration between each selected world price and Polish wheat price.
This means that according to the ADF test and for the period tested Polish and the analyzed world
wheat prices do not move together in the long run.
3
                                                
3 It should be noted that the sample size may be too small for the ADF  test to have adequate power.7
4. Discussion of possible reasons for the lack of a stable long run relationship
Lack of a stable long run relationship between Polish and the world wheat prices suggests the
existence of some factor potentially responsible for this kind of distortion. Among the numerous
possibilities are market inefficiencies, due to both underdeveloped market infrastructure and
information dissemination, currency exchange rate risk, and government intervention. In Poland it
is strongly believed that the domestic wheat market is rather heavily affected by government
intervention (3, 4). Western markets are also to certain extent influenced by such practices.
4
4.1. Polish Government Intervention in the Wheat Market
The Agency for Agricultural Markets (the Polish acronym is ARR) is the primary government
agency charged with implementing agricultural policies in Poland. With regard to wheat, one of
the key objectives of the ARR is to assure a minimum wheat price through direct intervention
purchases in the wheat market. The minimum price that goes into effect in August of a particular
crop year is typically announced during the proceeding March. In order to keep prices from
falling below this minimum price, the ARR is allowed to pay an intervention price that can be up
to 20% higher than the minimum price. Graph 3 shows ARR intervention prices and nominal
Polish wheat prices. As can be seen, they tend to move together over the period of the study.
Results of the regression incorporating the intervention price levels as one of the explanatory
variables are contained in table 7. They indicate its statistically significant influence on the Polish
wheat market price.
                                                
4 This refers mainly to distorting impacts of the EU’s agricultural policies (CAP) on European wheat prices and the
US EEP program on the US wheat prices in the beginning of the 90’s.8
5. Conclusions
Generally speaking, Polish cash wheat prices were not very closely related to any of the selected
world prices in the period of 1990/91-96/97. Nevertheless, beginning in mid to late 1994 there
appears to be a kind of convergence in the price of Polish wheat with selected world wheat prices,
especially when considering the cash prices. This may be a result of improving the pricing
efficiency of the Polish wheat cash market. Results of the cointegration analysis do not indicate
the existence of a stable long-run relationship between Polish and the analyzed world wheat
prices for the period covered. Wheat prices in Poland over the period of the study were generally
unrelated to the selected world wheat prices.  This seems to be mainly the result of the Polish
government’s intervention in the wheat market. In particular the so-called intervention price
which had a strong impact on domestic wheat market price behavior.
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Table 1: Wheat supply demand balance for Poland in 1990/91-96/97 [thousand MT]

























































Source: Polish Main Statistical Office (GUS)
Table 2: Variation over time of monthly Polish and selected world wheat prices
Coefficient of Variation [%]
Year











































Table 3: Correlation between Polish and selected world prices
Correlation coefficient of Polish price against
Time period
















Table 4: Price transmission elasticities


































































a)   estimated from the following regression equation: log(PLW)=log(a) + e1*log(PLW(-1))
+e2*log(PLW(-2))+e3*log(SWP), where PLW is Polish wheat price, PLW(-1) and PLW(-2)
are PLW values lagged by 1 and 2 months respectively, SWP is a selected world price,
namely USW (US wheat price), FRW (French wheat price), CBOTW (CBOT wheat futures),
and LIFFEW (LIFFE wheat futures).
b)  values in parentheses are standard errors.
c)   * means 10% level of significance; ** means 5% level of significance; *** means 1% level
of significance.11
Table 5: Augmented Dickey-Fuller (ADF) tests (with and without trend) on levels and first
differences of monthly Polish and selected world prices
ADF (Trend) ADF (No Trend)
Series


























Note: Calculations for levels were performed with both one lag on the dependent variable and its
difference. No lags included for 1st differences. MacKinnon critical values for the calculations
with trend are -4.07 (1%) and -3.16 (10%), and for the calculations without trend -3.51 (1%) and
-2.59 (10%). The coefficient on the time trend was not significantly different from zero (at the 5%
level) in all above ADF tests with trend.
Table 6: Augmented Dickey-Fuller statistics on the residuals from the pairwise














Note: Calculations were performed with both one lag on the dependent variable and its
difference. MacKinnon critical value for the calculations at 10% level is -2.59.12
Table 7: Regression results estimated from the equation including Polish intervention price
levels
Variable Coefficient t-Statistic Variable Coefficient t-Statistic
Constant 26.45 (18.61)   1.42 PLW(-6) -0.18 (0.13) -1.35
PLW(-1) 1.13 (0.14)   8.33*** FRW 0.14 (0.08)  1.71*
PLW(-2) -0.21 (0.20) -1.06 USW 0.27 (0.19)  1.43
PLW(-3) 0.03 (0.19)   0.15 LIFFEW -0.14 (0.07) -1.82*
PLW(-4) -0.21 (0.19) -1.12 CBOTW -0.31 (0.19) -1.61
PLW(-5) 0.16 (0.18)   0.84 IP 0.16 (0.07)  2.08**
R
2    0.98 Durbin-Watson statistic    2.09 F-statistic    193.22
Note:
a)  estimated from the following regression equation: PLW= a + b1PLW(-1) + b2PLW(-2)
+ b3PLW(-3) +b4PLW(-4) + b5PLW(-5) + b6PLW(-6) + b7FRW + b8USW +b9LIFFEW
+ b10CBOTW + b11IP, where PLW is Polish wheat price and PLW(-L) its 1 to 6 lagged
values, USW (US wheat price), FRW (French wheat price), CBOTW (CBOT wheat futures),
LIFFEW (LIFFE wheat futures), and IP (Polish intervention price).
b)  values in parentheses are standard errors.
c)  * means 10% level of significance; ** means 5% level of significance; *** means 1% level of
significance.





























































































































































Graph 2: Basis between Polish wheat cash and CBOT and LIFFE wheat futures prices































































































































































&DVK SULFH $55 LQWHUYHQWLRQ SULFH
70 80
175
240 250
340
480
600
530
￿￿￿￿
￿￿￿￿
￿￿￿￿
￿￿￿
￿
￿￿
￿￿￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
-
8
/
￿
￿
2
&
7
￿
￿
-
$
1
￿
￿
$
3
5
￿
￿
￿
￿
0
7
&%27 /,))(